
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD012619

unclassified

confidential

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; FEB 1953. Other
requests shall be referred to Wright Air
Development Center, Wright-Patterson AFB, OH
45433.

28 Feb 1965 per Group-4, DoDD 5200.10;
Aerospace Research Lab ltr dtd 15 Apr 1968



UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD012619

confidential

secret

28 Feb 1956 per Group-4, DoDD 5200.10



UNCLASSIFIED 

AD 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STATION   ALEXANDRIA   VIRGINIA 

DOWHGRADED AT 3 TOAR INTERVALS: 
DECLASSIFIED ATTER 12 YEARS 

DOD DIR 520010 

UNCLASSIFIED 



THIS REPORT HAS BEEN DECLASSIFIED 
AND CLEARED FOR PUBLIC RELEASE. 

DISTRIBUTION A 
APPROVED FOR PUBLIC RELEASE; 

DISTRIBUTION UNLIMITED. 



s SECURITY INFORMATION 
a. 

•5*1 
8 SECRET 
U,J»ADC TKWICAI. NOTE WC£R 53-2 S1CUR1T* IMFOMMIOS 

LA- 

O CO 

M8cnmno«yot BALLISTIC TTPZ 
meriLE at RDDQCRY nrro ABCCPHIW! (tiJ^cAJit) 

Dr. M. G. feherbcrg 
Theodore Sub in 

Aerouai.:iael Heae&rcb Laboratory 

1 

February 1953 

RD0-46O- 50-25 

fTlfbt Air Povelojj»nt Center 
Air Saeeerch end Development Coaamnd 

United Statee Air rorce 
Wright-Patterson Air foree Base, Ohio 

Cu ft SF-tyET Sit-oC -/TT*-<f~i 



Wr. J. E. Xaeeek? of the Borcbardnent Mieaile? fcrsnch of the Weapon© 
^teais Div5.sion repeated the initiation of the work reviewed in thie repor+ 

\1H a suborder V.CN£-2;J under Project Ho. R443-1C of the W-159^ (Atlas) 
: rojeet. ' 

The authors wish to sxpress their gratitude for the aid of Dr. J. R. 
loots in the preparation of this technical note. 

Y./JDC W ¥.CH8-5>2 

SECRt 



T 

* 

ABSTRACT 

C iculations performed by Convair chow taut the velocity cf the Atlas 
oieoUe exceeds 19,500 ft/isc durir.g tho entire flight path elta coneeuucnt 
«v«n aerodynamic bectijig and loading doejgn rrolleaB.    This ie a repoT* 
of a study   «rforncd In the lfcihcxatics lu>s*arch Branch, Aeronautical .'.esaarch 
i Abort tor, on the feasibility of reducing TelooUiea la the dewier portirc 
of th« atmosphere by special flight i-v\ne -vera of the aieaile which increase 
the drag force In the IJIW dense yortions of the atooephrtre.    Calculations 
ore perfomed to daternine acdificat.cn/* of the Coccva.'r trajectory rebultinr 
froa configuration and flight attitude ohangee.    ?j*eultc indieate that a 
sufficient velocity decrease aay be attained prcvidec that the angle of 
attnol; r>t the ainsile can be auitafcly controlled. 
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Th<c report ha* i>cen revie'sed and ie approved. 
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-Colonel,  US.il- '..,. 
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Introduction 

Coavair» has studied, and is continuing to rtudy, tho proclenr of deveiop- 
ing a long range,  hypersonic, offensive alee lie (Atlas).    Thai* stu/iiea have 
prompted then to adopt o eharp,  long, eone-aheped aissile that is rocket 
propelled only during the initial stages oi flight - xba kinetic energy attained 
during this period being nx.rw then sufficient to get the niseiie to the 
terget,   The oieeilc wocld follow a parabollo (ballistic) trajectory with the 
axis of the miesile parallel to the velocity vector (the streaalinc attitude) 
at all tires, reenterlng the atnospbere at en tingle of 23° from the iocal 
horizontal.    Under sue]   condition*, eileulationa made at Convair Lndiccte that, 
if this noGc- co.:e wiee'lio reenters tLe Gt>-»«ahere at a:: altitude cf 343*000 
ft and with a velocity of 23,000 ft/tec,  the velocity of the aissile will be 
reduced to approximately 20,000 ft/see at the tine the aiseila reaches sea 
level by the aerodynamic drag forces which the missile experiences as Lt 
enter u and pea^e-j through the fl enter port lone oi the atidocphar*. 

Decu-isa cf Lhe high speeds (v$ 15,500 f'/oec) there are itrge structural 
loadings o-.i the siesile, high tejaperaturen nnd large temperature gradients on 
the surface of the niasile. and a eoapsretively high rate oi erosion of the 
iist-iie ".arfnee; the waxlrwn. vrluee cf the tci^crex"?*, tenperat^re gradient 

aiid loart.'ng occ Ting rear sea level,  approxirately at trie »'.lt;.t^de of detuns^lon. 
~;nvalr presently proposes a cctrplicated transpiration aooling system to 
alleviate -..c surface difficulties, to add nore structure for the loading, and 
to add IXITU insulation to overcome the eroclon problem.    All of those solutions 
add noo-payload weight  and/cr add coirplexitics to the system. 

Trie magnitudes of the aforeraentioned design prohlens say be taken to be 
indicative el  the difficulty  of tneir solution.    Thus, Convair'. proposed 
transpiration coding ayetea is indicative of the ver;   high euriace tempera- 
tures Involved.    If it were poesible to keep thie tenner*lure below a certain 
level,  rhich would at ill be consldereu e fairly high temperature, then the 
addition of ticre insulation might alhc be a solution, wideh is nrcch einpier 
than 4ha transpiration cooling system solution.    Alee,  Convnir'a confutations 
indicate that the mio3lle would experienoe a load of 25g%a during the flight. 
f.uch decelerations place very difficult design reu.u-rejnents on the electronic 
equipaant, and perhepa ever, on the pay load.    An upper liait to the magnitude 
of the loading eXi-erienced by the T.'3sile eea set at 15g's to ease those 
design requirenents. 

The magnitudes of temperature,  loading, etc are proportional to iihe 
product of the oil* density a, fissile altitude and the square cf the velocity 
of the missile.    Thus these problem beoocje nore critical at lover altitudes. 
To ease tiles'.: problem the velocity of the nicsile at these lower altitudes 
anet be reduced.    If one is to simplify the proposed Convair solutions and to 
keep within tho 15% loading liir.it, the velocity at a lower altitude must be 
less than the velocity computed by Convair at the corresponding altitude, fharefore, 
c- study xa:i begun to datemane the feasibility of getting  lower velocities in 
the denser portions of the atooephere. 

*Convoir,  rrojecx A>.Iai:; Summary Report,  734-7-011 Jan,  19f>2, Vols.  1 and II. 
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CHAPTER I 

METHODS OF RSDOCXKQ VELOCITY OF MISSILE IH TEEMWAL PHASE QF FLIGHT 
• 

One can reduce the initial velocity of the missile 00 that the velocity 
during the final stages la lover, and thereby gain the desired and. However, 
the Initial velocity is determined by factors other than high loadings, high 
temperatures, etc. and so the initial velocity cannot be altered appreciably. 

A second method is to increase the drag at the higher altitudes, so that 
loser dseeleratlons sill be experienced in the denser atmosphere. TMs act hod 
depends an increasing the drag area, at the higher altitudes and thus increase 
the deceleration at higher altitudes and bring about lever velocities at the 
loser altitudes. Several modifications of the missiles flight history have 
been treated. 

(1) Permit the missile to t-amble. 

(2) Let the aissils and tank structure travel in a broadside attitude 
until a certain load limit has been reached, whereupon the tank is Jettisoned 
and the aissils continues in a streamline condition. 

(3) Permit the section Joining the missile to the tank structure (this 
section has the shape of a cone frustrum and Is hereafter referred to as a 
skirt) to travel with the missile in a streamline condition until a certain 
loading limit la reached, whereupon the skirt is Jettisoned and the missile 
continues in a etreaaline condition. 

(4) In addition to (J), one might simultaneously decrease the entrance 
angle (angle between velocity vector and horizon) so that the increased drag 
operates over a longer distance and hence a longer period of time. 

(5) Use of the fact that the drag coefficient increases with increas- 
ing angle of attack until it reaches a maximum at an angle of attack of 
approximately 80* (See Fig. II). The missile would change its attitude, and 
hence the drag force, in such s manner as to follow a prearranged loading 
schedule. 

The criteria of success of a suggested method were that the final velocity 
(velocity at an altitude of approximately 4000 ft) be less than or equal TO 
16,000 ft/sec and that the loading at no time be greater than 15g'a 

CHAPTER II 

COMPUTATION'S OF DRAG OK MISS 111 

Section A - SasJLrsgaeau] Conditions «mj IsmaJWUsmmT at thfl GoaimtaUpna 

An environmental condition that should be emphs Bleed is the complete 
lack of experimental data.    All the computations done are based on theoretical 
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r«suite and approximations.    Therefore results 01 amputations cer. only ee 
uced to guide the lines, of investigation.    One ahcud look at nuaericel 
results as only giving order of magnitude until suah tiane 18 certain a33unn>- 
tiona are validated by experiment. 

Iho configuration (geometry) assumd for the operational missile (noee- 
cone-skirt cenftiination) ie given in rig.  I. 

In eoajmctaxxx^ where the attitude of the missile changes (i.e. where 
idea (5) is used) the iallowing prearranged loading (*0f2n of attack) achedale 
war assumed.    The missile-skirl combination outers the ntDoephere at an angle 
of attack oi 3d* aod continue at thia attitude until the load is approximately 
14g*8.    Chan tl:is load limit is readied, the angle of attack changes so at to 
rxintain this 14g load licit,    tfeaa the streamline condition is reached, 
the skirt ie Jettisoned.    The ck_rc is detached at this point because a load 
linit of l5g*e line Lean imposed on the abstain by ceeign restrictions and 
further oo.rt input icr. of this witailo-Bkirt combine in flight would result in 
loadings higher tlian this Unit. 

The rathed whereby suoh an attitude-t isn history is attained has not 
bees considered.    It  is anticipated" that., by controlling the position of the 
center of gravity, one eould cprrcximate the assumed loading schedule. 

The poaaibility that the rasa lie in a changing attitude trajectory night 
also rotate about the velocity vector (nutate) was considered.    In that ease 
the rotary motion wae neglectco in  .he derivation of the aerodynamic drag and 
aerotlynaaici Tjcaent.    Since t]«e  lutationsl fuuj.ilar velocity w?.3 liniited to 
10 r.p.m. by design restrictions,   it TBS felt that the effect of such nutation 
o:. these factors would be minor. 

In the caae of a streamline trajectory,  it was assumed that tne nkirt 
would be Jettisoned when e loaaing limit of Ip^'f; had been reached and that 
than the sdseile would continue is its flight in a atreamlixta position. 

Two types of aerodynamic* are used (1) Newtonian aerodynamics, which 
assumes that the air is a gas composed of discrete particles and that the 
air's drag is produced only by particle culliaion and (£) tsntisuoua aero- 
dynaniea which imini thai the air is a ecntinu;>ua medium and hence obeys 
the lawe of conventional norodyiiamJcr..    The effect of angle of attack on 
the conventional aerodynamic dreg ccefitciert being unknown,  it was decided 
to use the ratio of the continuou.'" aerodynamic drag coefficient for a stream- 
line condition at a speed of 20,000 ft/eta* to the corresponding Kewtcaian 
drag coefficient for a streamline condition in order to convert the Newtonian 
drag coefficient ve angle of *ttae-fc curve to the continuous drag coefficient 
vs on^le of attaefc carve (see I Lg.  II),    Thus, if 

*The continuous dreg coefficient at 20,COO ft/cec is nailer than the 
continuous drag coefficient at 23,cX)0 ft/sec and hence tba former we© chosen 
so as to be able to bracket the results. 

WADC TN 1CRR-53-2 
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Jcri(Hewtfl Streamline LD      JC°n V 

«hnr» Op is the symbol for the drag ooeffioient. * Thus, in Kg. II the lower 
curve is obtained merely by multiplying the higher curve by this constant 
factor H, 

Calculations indicate that P.6 1/2.    Hence,  one rie;- reduce th>; total 
nuriber of conputatlone accessary, by uotirgr that %f a netbod is successful 
using the continueuc dreg coefficient, the nsthod will also be successful 
using the Kewtonitoi drug coefficient, since the letter neanc a larger tra£, 
htnee a greater deceleration, and hence a scalier final velocity.    FiMlcrly, 
if a netbod fails using the Nevrtonian drag coefiicJent, the aathod wilj. also 
fail using the continuous dr*r coeificie.ri. 

Section 5. - Haifrai fff **7iF ftMBAalifla 

The expression* derivea for the Kowtonitm drsg coefficient of a sL-r.le 
cone, using the maximum circular cross sectional «v: as a basis is 

(1) 
<*(*)= hc°s^ ) (**»i sine ^cos«r^4»)sde 

where h • height of cone,  ft. $ « half anglj of cone 
r • rediua of base, ft.  ... e   * Bia *l(«tn^tan /)   radian:: 

©<,  » angle of attack. -   fc 

If one seta a • stow, end c • coa«ttan t,  then 

(ass.»56* 3alb y,nee • 3a.fcV« 8 • bV <JQ 

Using the fcrsulae 

the drag coefficient may then be cv-iluated ac a fwocticn of the onglo of 
attack. 

the missile-skirt combination,  -.iiagraianed in lig. I,  is not Just n 
simple cone.    Therefore B raodificitioi) is introdueed in order to obtain'the 
Newtonian drag coefficient of this operational missile. 

•This expression is derived in Appendix A. 
WABC TN WCHR-53-2 3 
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t      Let cone I be the missile nose cone; cone II  \je eoDe fraa wiiich the 
s.cirt is derived; cone III the "onL tNt    robins ef'er the okirt has been 
removed fro* cone II.    Ccs» I, II,   «aui III being ' 'aiple cones, their timg 
coefficients car; be computed V„. i>-Sig their respfe    j.ve physical constanta 
linens ions) in the e-juatior foi C;~ (oc ).    jrocj theee coefficients,  the drag 
force on oach cone may be deteiruned.    Ihe rirag coeii iclent of the operational 
aiesile, diagrammed in Fig.  II,  ip "hen obtained from ihe equation 

X* A'f +X Co W -   FT + Fjt * Qn 
where A' • area of base of skirt -ft";    FT   • drag force on one Ij 

• uir density - slugs/ft*;      K-  • drag force on cone II; 

v * velocity of rtisaila - ft/ses; -IJH 
B  drug force on cone III; 

Cp' « dreg c;ieff ieicnt of operational 
missile (cee Jig. II) 

Ha\ ng the drag coefficient as % ftinetion of °* , the drag force can then 
be determined. The lifting force dc»js net have an Important influence on *.ae 
trajectory us tar as \elocity effects ere concerned. 

The differential equations to be integrated were n X"Fj and n »•!' - ag 
where ix r»nd t'z are ooaponenrta of the drag force, x and z  are components of the 
acceleration, m is the nass of tiio operational -usuile; and g if the gravita- 
tional constant. fae details of tne coaputatio:i oay be found in Appendix B. 

CUAPTlk III 

COMPinATloHAl RESULTS AND DISCUSCIOD oi RESULTS 

Computations wtre starred en the first *doa - that of permitting the 
missile to turible.    however, eriorc piade in the derivation rendered im results 
worthless.    The roeults of such a t Tabling calculation noold yield a final 
•velocity smaller -than that yielded by the etreenline tr»Jectorj - for the 
streamline trajectory has minima wetted area ems hence mininmi drag over 
the entire flight path, while tha tunblajrig by increasing the  "wetted" area 
would perra.'^. e grecter drag to be experience*! at least part of the time. 
Also,  the results of such a  tumbling confutation would yield a final volocity 
larger than that yielded by using the chniTge-of-ntt*tude-to-prod,ice-a- 
prearranged-londing-echedule idea (iu^:   (5,), for the latter has maxima 
drag consistent with the definition OA a *uoce««ful ran, while the fomer 
will have a smaller % --ted' area pv»9e»t at least part of the time and hence 
a smaller average    rag.    Thus, the results of tumbling ere expected to be bracketed 
above by the streamline results and belca by the results of the chancing attitude 
trajectory.    Therefore,  casaputatiort01. the tumbling idea wre not renewed. 

Computations on LI    second idea - that of permitting the missile and tank 
structure to travel in a vroadsIde condition - wore performed, and the results 
indicated that the idea xailed for the final velocity was too high (v ^. 
19,000 ft/sec). 

The Computation Branch of Flight Hesearch Laboratory performed I.E.M. 
computations on the following trajectories: 

WADC TK VXEH-53-2 6 
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(1) A streamline trajectory of the operational missile using 
Mawtcnian aerodynamics with an entrance angle of 23°. 

(2) The same as (1) except that as entrance eagle of 14° wee ^aed. 

(3) A changing attitude trefectory of thBgiperational missile 
assuming the loading history previously discussed. 

U) The sane as (3) except that continuous aerodynamics was used. 

The numerical results of the computations ore iunaarisod in Table l.{p. 

Theae results indicate that the streamline trajectories do not ;/iold a 
sufficient velocity decrease. Using a previous argument it can be seen that 
a computation of a streamline trajectory using continucuo aerodynamics would 
also produce an unsuccessful run. The changing attitude trajectories, however, 
do indicate sufficient velocity decreasee, even though the success of the run 
using continuous aerodynamics (uase 4 of Table 1) ia marginal. Here one could 
increase the margin of success by using a shallower entrance angle so that the 
drag operated over a longer period of time thus producing an even larger 
velocity decrease. 

* 
One can also note thai in the ease of the two changing attitude trajectories, 

the final velocities differ by a comparatively snail amo-..nt (15,306 ft/see 
as compared to 14,DOG ft/sec) while the drag coefficienta used differ by a 
factor of three. This would indicate that the final result is not strongly 
dependent on the drag coefficient. » 

In Table II there is a tebilaiion of the angle of attach YE tine history 
for a changing attitude trajectory using Newtonian aerodynamics and an entrance 
angle of 23°. If one plot* the data, the &har« of the curve is characteristic 
of the assumed loading schedule. 

Tine (sec) 
Angle of Attack 

0      10      19        20        21        22          il          24 
80*    .X°    «JC*   62.5°    51°   U.S*   33 3°    *7.># 

*5 

Time (sec) 
•  Angle of Attach 

26          27          2«          29        30        32     32    33 
19.0°    15 3°    12.0°    10.0°    7.7°    5°    3°    U° 

TABLE II       4- 

Since the loadings and etr.erutui-es experienced by the operational fissile 
are proportional to v* (by assissvtion), these problems have been reduced by a 
factor of about 5U£, by the reduction of the velocity from the original 23,000 
to the final velocity of 15,S00 ft/sec. How the problem of surface erosion 
would be affected la unknown, but presumably the rate of surface erosion would 
be smaller. 

1ADC TK WCRR-53-2 
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Case <1) - Streamline Trajectory - Nevtonian drag coeffieiawt - Entrance 
Angle of 23e 

Xiaa AlUtJidft      XfiiaaJUx Lawl flMBttH BMMELH        ftttUte 

0 see 340,000 ft 23,000 ft/see       l.OOg'a 4 167x1 O^elugs/ft3 

. 28 76,572 22,565 13-3 1.015x10"*                    Skirt rejected 
29 67,098 22,138                     1.22 1.597x10"* 
36 1,656 *0,9«? 15.53 2.274*10-3 

Case (2) - Streamline Trajectory - Newtonian drag coefficient - Entrance 
Angle of 14° 

340,000 ft      23,000 it/etc       l.OOg'e       4.167x10*'eluge/ft3 

72,406 23,391 15.-10 1.234xl0~* 
66,030 21,397 1.33 1.660x10""* 

0 sec 
43 72,406 23,391 15.-10 1.234x10"?                      Skirt rejected 
44 66,030 21,397 1.33 1.660x10""* 
54 2,090 19,761 13-68 2 24oxl0~" 

Case (3) - Angle of attack changes - Newtonian dreg coefficient is uaed 
v^.%       Entrance angle of ?36 

0 oec      340,000 ft      23,000 ft/sec    .     .9^g'c        4.167xi0""?alugs/rr 
19 165,513 21,762 13.1*. 1.941xl0~6 Change of angle 

of attack begins*" 
34 55.609 15,388 14.2A 2.70X10'* Skirt rejected 
35 49,024 U,931 1.07 ?.~7StxlO-* 
41                  3,540            14,295                      6. J              U OVxlCT? 

Case (4) - Angle of attack chan/es - convent tonal drag coefficieu'.   ieed. 
Entrance angle 23° 

0 sec      340.00C ft      23,-XX) ft/sec 996g's     4367xl0~9slugs/ft3 

21 136,266 22,052 1.40 5.S6xlO"*6      • Change cf angle 
of attack begii 

34 37,96/ 16.506 14 U i.328xl3~* fkirt rejected 
35 30,872 16,105 3 11 8.261x10"* 
39                  3,087            15,49^                      7.97 2.137X1C"3 

Ounnery of liecults of Trajectory Computations 

TABLE I 

•Prior to and includjig the tine -ndlcaxud the angle of attack hen been held 
constant. Af tervarde the angle of a t'.aok begins tc change so aa to keep the 
prearranged loading schedule alreacy diocubrac. 
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Section A - aMjJbMDMbOMUA MMMBBfc 

f.icce::sful ritna thnc;rexicnli\ can be achieved provided that  there In the 
ability to control the anjtla oi attack.    In a t-ennc    therefore, the probierjs 
nr.nto.oued crip.rally have been repiacec  by vhe sinple j-robleroi control.    Noce 
that this does cot reen chat loading sad tsagwrature problem ero cfjnpietcli 
removed, but that they arc reduced 

Fince the probleia cf controlling the anple :>i attack can oniy la solved 
it ouch nore deeign data, au e.g   the wight distribution,  ic available, only 
^e.ieral or order of nagn-i. c ode statenents about this problem will :>c nade  la 
th*c report.    because oi' this fac. many assumptions a.:d sirayl-iioa«.>one «. '11 
be niade. 

Tne aerodynamic raoaent,  which tende to  streamline  the a:'ivjae oi   ciie 
operational niesile,  i3 a part cf this control pr-otlen     A :".tsl?iur^ 'Cacputa- 
tiuu oi thin aoneat for a cone u*  B:I uogle of attack of l;3° w^s -Vide'  This 
broadside condition war  ^ced bectiase (1) ^h<' commutation rrn t lr^.lif led and 
(t) the ccstp ited oonem for .his condition vcoXd be cloee to the 'ia; 'm-\. val-e 
of the aerodynacu c srsiuent,  as me   .r.e f^r the drag coefficient,   tr-c  (3) 
cnl; order of aegnitude resalta were of interest 

Ke*tcnlfcn aerodynsuiilet So used ;c ooanijte th^.3 aerodyncaic nc&ent.    To 
compute the niojuent, M, for H simile cone, one has to eona/.rte   J"p< fj«3 <^0k- 
where the i-ntegrvtion ,s periorjiied over the "wetted" surfece troi ol the cone, 
T* Is a vector fron the center of rotation tc the surface area eleeeirt du,  and 
r^g is the force on a surface area elscven;. 

Now Af» Nt, c7 • tfy J + A7#, "£' 

From'the symmetry propurt' c") of '.he cone 

Therefore 

My - Mr= 0 

' A;- *„F >   A?,, *jp* £]„,<>*« JC^aV" «'f*)sJ^ 
where ^', 2'>    i^jL'      cn£    \^«./«' arc components ef   r x.c F^a 
res;ect-vely.    Using tne ge«je«etry, and acting thr.i     *' = Z-€L© ana that 

R= Oi-*)7a,*^        one obtains the follotriiig:* 

•The derivation of this expression cpn be foind Jn A;.pcnii3( C. 

WADC TN HCfiR-53-2 9 

..•'   •• 

lU'vfJ 



! 

where the convention ih3t p  corq c ^irodtiei&g a coun«ercloo?rwir.e rotation bar 
a positive sign has beci adopted and wt.ere    2e    ic ihc distance from the base 
of the ccne to the anrumei' center of rotation, 

Ana in ncdifioutiaas KVO made becai :»o the, operational sueslie i3 not *uct 
p eiir.::ie ccne.    Hie reeuiti: cb:aiuuu for var'.oan centers of rotation ire 
listed below: 

SQBJttt flt J 

Caa.ar cf Gravity 

J .notion of   Virc 
and Lo^e 

Censor of Pressure 

Btatarac Scan aiaa oi Stiaa  Lqr..Myji.imle M—ft 

<a 

L5.I' 

11 

-452 0 v 

2 

J 
section L. - Dicc-i^aioa cr aefiteriag itoeaia* 

It has bu2": rtatwd previously "^«x the roscltiiity that  the rriac.Llc Tiu-ld 
IUIVG n nutatjonal vclooit;. would be considered,    '•ci: a velocity hac an 
2£scoia'.eo cer. riyetal force.    One ecapenen? of this force produces a centri- 
petal res;oring moment, whcao raajmi'tudo 'c  ^Jj,^ vlicre * _e the raxe 01 
nuta*i^.n in r:.dian£/cec arid Ir    Is tno rvroduet   :f inertia.    In computing I..g, 
the operational raica'3'  &f»s replaced ty c uniforiu aol-d cone having the sa-je 
weight, eame half cavrle ac t-^.c r.'cbile, and having 0 center ol gravity "she-ae 
dlci-tiico from the tip of the c:nc i.~ 'he ct^a: u^  the distance between the 
center <i gravity ord  >pc>. oi tre operational aiaeile.    I-. I- ic.  I the lengtn 
of this Swbati+'ite cone indicated. 

* 
Z -~x> 4in<x *£ con oc 

- 70 

i-g.   Ill 

/jcea i'or Letenaining Iyw 

•The aerodynamic i.onu'.T. for     0***^F tends to decrease *   (angle 
of attr-cfc).    A restoring J-wmon:  .'.s x\a  tending to Increase °t- . 
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The product of inertia la then    f %l<4m ~/2fxiJv ' 

where /2 it the density of tbe uniform cone and the integration is jerforaed 
over tht volume of this uniform coat     The coordinates (X,2) and their relation- 
ahip to the body coordinates oi a aaaa point of the cone ere defined in the 
diagram.    The center oi the body coordinate system la taken to be the oantar 
of rotation.    The   y   coordinates in the two.eystetie i.e., y and I, are not 
indicated lor they are the aaaa, l.a   y « X. 

roru) » 10 r.p.m., the limiting nutationcl ang;:lar Telocity,  the restor- 
ing auoer.t hac a magnitu:*   of 1^5-? eln i<*  (slug ft2), where the center of 
rotation has been taken to be the cen'er of gravity and where** is the angle 
of attack. 

Another force tending to produce a torque which increases the angle of 
attack is the inert:al force i.e. the reaction to the drag force.    The magnitude 
of this force is Mai; U .a the sees of the cone in aluga; a    is the deceleration 
In ft/sec2; and 1 is the perpendicular distance,   in feet, between the center 
of rotation and the center of gravity.    The center of rotation shall be taien 
to be the center of gravity throughout the flight.    Hesse, thie torque has 
zero aagnitude. 

It might be that    he center of.rotation does not ooinclde with the ..enter 
of gravity throughout  the flight, but ttue poaeibility shall be ignored in 
view of the polio? of flndlag the order of magnitude of desired results. 

As an example of these order of magnitude results that can be attained, 
Consider the following:    Let the missile have an angle of a'-tack of A* and a 
nutating angular velocity of 10 r.p.a.    The center of rotation is taken to be 
the center of gravity.    A3suaing that the aerodynamic moment for the oG° and 
90° anglea of attack ere nearly eq.Jal,   (in the mama of order of aagnitude compu- 
tations), the aerodynamic moment is 12A5?-, v' for this 80° angle of attack 
The restoring moment,  is then 531 slug/ft*-.    Assuming that v*~$ x 108,   '' 
frr the aerodynamic moment to balance the restoring moment, 124? x 5 x 10'V P 

• 5J1 or f • 8.5 x 10*10 alugs/fV.    Thie density corresponds to an altitude 
of approximately 390,000 ft. * 

2ven though this calculation la extremely rough,  it Indicates that, for 
• the major pert oi the terminal portion of the flight, the restoring nxx»nt 

would ae less than the aerodynamic moment and hence ncy bs used to    cTu control 
the angfe of attack. 

CJUPTIR V 

CWCUBXOatS 

The coaputatlons discussed in this report are based on theoretical 
results snd approximations, so that results can only be used to gulJe the 
lines cf investigation.    The report is to bs considered as the initial phaee 
of the study of the feeelblllty of reducing Xm velocity of the miaslla still 
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£>37th«r by having the ti4.3eile experience highk,     rug in lees dt&ca \*.rtlans 
of the atnesyhere.    The reeolta of the aoopuUUianfl diacutieed !;.• thla report 
seera to -ndicate that tic desired rcjrdt e«.n be attained crid beueo furthwr 
investigation cf the problon eho dd proccad. 
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APPENDIX I 

DERIVATION 01   DRAG iCRCS SUlfal 

The niasllo is assumed to be at^tding still wi"      .ne air aolecules all 
having a velocity tautl and opposite te the veioci-      .-etar of the aiarile. 
It ie assumed thac (1) the elaaent of force acting o^   !.he xissile 1B the tijae 
rate of change of momentum alcng the ticnaal to u.,e surface ere 4 element and 
(2) each mclec-le colliding with the uucaile haa Iti direction altered co 
that ils new velocity vector liaa in the pltJie tangent to the tATface at t.*ie 
point of eolli.-ion.    Ir consequence of theue two aoGumptionr; only the Dermal OU3U/..IG\ 
of the initial velocity /ector need bo considered in the cer^vation. 

It  *f   in ti*e englo between the plane ierpendlcilar tr the velocity vectcr 
and the normal to the surface, then    / sin Y   is the component of velocity 
along this nornrtl.    i->:rther?s<jro, the projectiun of thi6 nom&l component onto 
the original velocity vector ie the only component coniributijig ta t)»e dreg 
i'crco.    This projection haa magnitude     / n**^     .    If 1^ is the ?&?a delivered 
per taUt tine on a surface area element, da, then ll^vsm'V is the 
drag force, iia, on buci. an area elenant.    fhe angle   <f   i? .now to te determined 
ac a function of angle ol attack and pocltion of tin area element. 

Consider iigure   .-1.    In it the lh\et, (o,10),  (6,11),  (5,li-) and (3,4) 
are parallel.    Also the lines (5,t) and (11,IT) are parallel,    ihe caic uiutT *.or 
of   T    S3 a function of «*'and   Q   c". nor proceec, where    ei •#• «c' = "^/g.     j.**, ', 
being the angle of attrek. 

let the distance between :K> points,  ? end q, be denote*; by d(p,q). 
Xn partietder let d(l,'*)=h, ]  being the altitude    "  ..» 0000.    Hot 

Sin «f =   ±LUsl 

First d(f,6; ir determined: 
d(5,t)^d(»»,i4) =  dOVOc***' =  CCS-^'LO      ^)-JCSr,ii)J 

Kext d(2,6) is determined: 
d^a,C) ,KSec4ta*.(/'-4) ^sec$ 1^L*L*   ^i. 

But, T>v^<>(y) , a(y)c,ce = +,,„«'«.   e 

therefore   ^ = ^^ =  c,s^' Cs(r>e f +aw<*' 4^) 

d(i»       *«<• 
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SECRH 
os' finally 

To determine the m*ire transfer on the triangular area cleraent whoae 
center line if (1,6), cne multiplies ;he cocpooerr 01 velocity along the 
normal to tho euri'aco,   the area of the tricngulcr ele:aent, ana the sir 
density at the altitude of the nueuile i.e. 

The eleiaam oi force, FJc,  it then 

Substituting the derived expression for bin f into lda>c,cc r e for tJia <Jle:nerit 

of dreg foree: 

Hence the total force 1B 

where   ^  it A 1-jaiting angle end is given by the equetion Siri 6t = To,w«t Ta.r»^>, 

To prove this equation, cor.sider lif-iro A-2.   las poir.c l; bisects the lir.e A3. 
wMah is drain free! A ^erallei to the velocity vector  "v*    •    A liae ie dra«r* 
from the apex of the cone to t and then extended   ?.:til it intereeete tin 
base.    Then t ie the die-canoe froia this point oi  intersection to the center 
of tho baco; h is the height of the cone; r it the radive of the fcece: $ te 
the half angle; «' -a the angle that the ..lane pcrijendlejlnr to the velocity 
vector nahea with the axle of .tyirwtry of the conej and C is the angle between 
the ayrxetry axia of the ccne and t}« line Joining the upex and F. 

The proof then follow: 

• ;mV    co*(*'-«|>) c«5(*'-4>) 

(--:) 

^       COSK' coS<*'cos («'-<*)< 

X Co>4>        _x   y_    Jr ccs4>._ 

rsm« 'sin^ 

* Cos*' ces(*-4y 
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(6) j — ^ i"a^oz ' 

(Q)       i ^7 cos* cTrtir- sin*- ;       a. 

(11)     X'»9t*   r       /,Ta^ + 

Ihde completes the yroof. 

If o«   is the a'lgle of attack, noting that     oc-t « '= JL.       : 

vhere *• 

«L -   S<KJ      (c'tnot  Tarv^) 

V-'ADC TK VCPJs-53-2 v- 
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dSCMBTTT FOR DBTfBlCNIJIC *f • 

Figure A-l 

O&JUSTRY FOR DBTIKMINIRG sin 8^ a 
F.qurt      A" 2. 

3 16 

SECRET 

R«Ai«s •$ Bet»« © J G»*e 

L. 



APPENP& B 

DETAIL? Of TRAJKTXJW CCWUTATIOMf 

Now,  since the drag force for any angle of attack can be determined, one 
can determine the deceleration at any time.    Integrating the deceleration 
yields the velocity and a seoond integration yields the position.    The vector 
differential equation is numerically integrated in component fona.    These 
component equations are 

ftt jir * f\ m i = FA - m a 
where the (x,V) are components of acceleration; (F, I  ) sro cocr-onentc ol the 
drag force, each being given the proper sign, m is the 'maea of the core; and 
g is the gravitational constant 3Z.Z ft/see^,    fince the only coordine-e of 
interest ia the altitude of the missile, only the equation in z ia integrated 
twice. f 

A tixae difference, tjj, ie assumed for the numerical integration - for the 
computations discussed in this report th vas taken to be 1 second.    The initial 
conditions taken are v0 « 23,000 ft/sec;  1[o « (23°;14°); z0 « 340,000 ft; , 
xQ • 0; and <* * <*0.    This implies that the initial velocity components iQ 

and i0 are x    • vQ cos tf^    and zc • v0 sin tf0  .    The computation now oroceede: 

(1) Compute Y% * X% •»• Z„ 

(2) Compute F. * £ f (^* ^**) *.**'C* ^ 

(3) Computo      '^o a ^o^«.    —j*- 

(A)    Confute (F*),-   /b COS If,   3    0v). -  K si" Jo 

(5)   Compute       £« &£     >      2. x-L [<F0), - mg^ 

(&}    Compute loading in g's 5 L =-J-—   f* x +  ^/"J 

(7)   Compute      2, = 4 * £Ai 

(S)    Compute      X, -  X + X.t/, 

(9) Compute     2, = ^ + 20^,*  3> -£- 

(10) Compute      v,a - X,   * i, 

(11) Coapute p; r i- o (*,-• i,^-) V,* A 'C9fa) 

The stages (?) thro igh (v) are then repented for the second {and .later) 
tiJM intervale.    The problem in then to c'etcra.'ne Cb(*<n)   where   n is a 
running inde>:.     (The computations end when r.u eltitude of about 4,000 fee 
has been reccned.)   in the case of a etreixaline traJectory Cpl«m)«Cjfa) = (+(0) 
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for all   H  •    In the ease of a ehang'ntf attitude trajectory the aux-ntuin value 
of   C^'CO   «aa ueed until a load liir.it of l^'s }i«J twen reached.    At this 
jjoint the con-T .icljtjs were modified.    The drup force, i-, *as Uwc assumed 
t«. have e constant value, }•      so that the loaJ w&e close to t.ut less than the 
15g load limit.    Knowing  n*,e*c..  then 

c'u y jj 
wae eoaii/ated.    The correeuonding •*„ na then uetertiined fro1.! xio ,;i-aph ox  
Cj' vc »* .    this eoald be done easily ciace, for   0*«f«*»/3%

> Cr' 
its a njonoton.'CRily *r.creas-ng function of •* .    ihe value: of**   listed ir» 
Table II for t^!9 were deterr.ined la each n uarjier. 

rupooee that st t • ot*., the loading ie about I4g'- i.e. 

Confute      i?        y       ar                                         li*-*n 

W     Co (--0 = -— ^~ —7- 

U)   X„„ = ^W 

TMs sample cf the calculations illustrate? the ^rjcedare which vsis -scd. 
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APP2NDIA c 

DEFIV/TION OF iCMBJT ABOUT A LINE ftRPENt XULA* TO 
THE AXI£ 01  fYJNEIHY, ANCLS OS ATTACK Ot V2° 

Lex the coordinate ey&ten fixed in the cune be jr*, ;'. z') axe:; 
respectively, ac jhown La Figure C-l. t 

Coordinate fxee .'n Momat Calculation 

iigure t-l 

Let (i*, J', k') lea '.unit vector/) uo the (x*, y*, a1) directions respectively. 

A vector p* can 'then be written at,      _^ 

•t a be a unit vector, TKHVMI to the surface Let S be a ualt vector, n6r.»l to the surface naking ur angle *f  with the 
(:',z') plane and lei  the ]rojeetlou ti thie sector oatc the {x*tz*} plague 
make an angle ff* wltfc the x axie.    Mote that the (i:,>^') plane LB La this 
case the plane perpendicular to v   ,   the velocity vectu9P,    Hoc 

»P* c**<f ce*,<r TV A4^c^ ^ *  c**<f.*4^<r -A. 

Let a point on the curface of the c^nc be piven b; the coordinates 
(x'jv'^z').    Tne cone ie now sliced Into elreuluf elooentfl bj plvnes par liel 
tc the base cf the cone.    The radios of the circular darter, t on which tc 
point (x'jy'.z1) appcort in gives by 

v/Jv1- W^|*i y**y 
where # ie the half angle of the cone. 

Let the point (x'jy'.z') t* the center of on rarer; element &\ •.•hicl- -e 
obtained by dividing .the cac ilar eleaenta further xj angular euMivia ooa. 

1  La ua aiiR-iJ   *;.jp.i   i.nc  raJii.'   vw  or. <..   i;< 
da, the area element, oa:<0£ with the x* axis, tnen tan d - xi. 

7* 
If 9 la the anglj which the raJiei vcc;or^iii the plena z* * conrui-vt, .o 

(• a 
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nrrpc\ 
Sr.vvvt-1 

LOT. CTbe the angle between the x' axis and the projection of the norral 
to da on-.o the (x',z') plane.    The angle «- is now to be determined.    In 
K'p. C-. , r and b lie in the plane cf the circular cross eection and hence 
nvt: perpendicular to the a* axle.    Aloo note that b • r cos 9. 

GBUMSXRY FOB DmWCNIKG      & 

I igxxe C-2 

The angle between r and n,  by properties of o cone,  is $.    In right 
triangle DLC,   c • i tan ft.    In right triangle ABC,   it  ic seen that 

The length of the line AC it; given by the expression: 

JAC) ^•/I^TT7"^ ~W<:osr9* T^H 

Benee 

imtT =* "tan 4>_ 

By Appendix A, 

COSO*" = 
cos e 

fco?^^ 7S> *4> 

Sin *t =,Av*~Q cos<£       J"oroC=:1i 

Then the unit vector normal to the surface, n, may be writtent 

'•.'ADC TO \7CER-53-2 
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SFXfcET 
Tliis expression may be simplified: 

/- SIH *6?cosa^ =  /-cos*</> + cos XB cos V« St**4+€***'0Co'Su'j> 

- cos*^ r^»V^ cc<;x6) 

the expression for n then becomes: 

Mow the runent about  iiie x' oxio can be conputed: 

The element of force f. , acting en tie an aree olooent da,  is t'» change in 
rcaantum per unit time Hong the normal to da.    When a nolocule striket da, 
it is aueuraed that (1) the coizponent cf the laoleoule'fc acMWHura In the 
direction of r., the inward drawn norasl to the surface of the cone at the 
point of collision,  i3 transferred to the body, and (2) the direction of 
transfer is silcvig n.    The magnitude of T.,ne aumentura transfer for one molecular 
collision ia m1 v siaf and in directio:i~n^ where *V  is -he MSC of E noleoule. 

linffc here!ore £d(i •VelnTlLJ n;  where li^ agair. is the rrolecular naee delivery 
it tiuj on da.    Then    ft„ = ptr(da.)' w^iere (uu)* is the projection 

Therei 
;>er unit 
of da onto tin.- (x*,**) plane - n plane .lomol to "the velocJt;, vector of t>«* 
co.ie.    Mow (dn) ~ Jt, su*c Q<j7? </«' (see tig.  C-4 ar.d C-5). 

5 * p»>*'c««4A,*iii*0d#4a'if 

= />Vxsiif4 sw*e<fe Ch-z')d«' 

The coiiiponentn of 1^ axe: 

COMPCNSNT Oi   VELOCITY 
TKAHErEBHZD ALCMG NlJJttl 

tig.  C-j 

*AJX, TM WCRR-53-5 

4 Mn d.cCs 

DETERMINING JtftEA Oi AJiEA ELEMENT 

Fig. C-< 
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The convont^cr. icr sigr. that shall be adopted here ia tJiat a torque 
rrodveing u countercl^cVwiee notion ^s positive. 

If <.ije origin la ti". the Interior u£ 1**2 cone, then the cjcp;.xatiaa again 
hat- to bo aligbtlj modified 

*"2 

GECMETKV FOB DSH8MDHBQ H3JBMI * ITH GEJDtrO. 
POSITION u   CLfTLP. i'3r  1 STATION 

Fig.  0-5 

Note that the com r.: but ion to the conert cf (?.'-;:c)  (^dah'' changes sigr. 
when •' bee oner; ^renter when r.u. 

Tiie reraiader of the confutation Is then fairly straight forward 
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